Thin copper films were grown using hexafluoroacetylacetonato-copper (1) trimethylvinylsilane [Cu(hfac)tmvs].This precursor was delivered through a bubbler using hydrogen as carrier gas. Water vapour was used as reactant. The films were deposited on sputtered titanium nitride substrate, at wafer temperatures between 100°C and 210°C. An excess of water leads to the formation of copper oxide and films with a high resistivity. But no water leads to a poor nucleation and very low deposition rate. The way of injecting water plays an important role in the process : water at the beginning of the deposition time helps the nucleation and has to be stopped after a few minutes to avoid the oxidation of the film.
INTRODUCTION
As devices dimensions continue to shrink in the silicon based microelec~ronics industry, it is more and more difficult to achieve good step coverage using only the conventional sputtering technology [I] . So, CVD method presents several advantages such as conformal coverage and possible selective deposition. Due to its low resistivity and high electromigration resistance, copper is widely predicted to be the interconnect material replacing aluminium, or aluminium alloys, [2] for technologies below 0.25 pm.
Therefore, copper CVD has bcen of large interest recently, particularly with the use of Cu(1) and Cu(lI) Rdiketonate precursors [3, 4] . The Cu(1) compounds such as (R-dikctonate)CuL,, where L is an organic donor ligand as Lewis base (e.g.: PMe3) [S] , alkenes (e.g.: TMVS, COD) [6, 7] , alkynes (e.g.: 2-butyne) [8] lead to a copper deposition via a bimolecular disproportionation reaction [3,4] (equation 1). The Cu(n) precursors such as Cu(B-diket~nate)~ (e.g.: Cu(acac)2, Cu(hfac)2) [9, 10] require the presence of an external reducing agent such as hydrogen [ l 11 to produce clean films (equation 2).
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Copper CVD deposition process using Cu(X) precursors can be performed at lower temperatures, typically 200°C. but Cu(1) compounds tend to be unstable during storage. On the other hand, Cu(I1) precursors require higher deposition temperature [12] , but are more stable at room temperature.
This study is carried out using thc Cu(1) compound: hexatluoroacetylacetonato copper(1) trimethylvinylsilane [Cu(hfac)tmvs], wich is today mostly used in the industrial field. Preliminary results are presented beneath.
EXPERIMENTAL SET UP

Description
Experiments are carried out in an home-made Ultra High Vacuum CVD reactor for 4" wafers, schematically shown in Figure 1 . The deposition is made after obtaining a residual gas pressure below 10 -' Torr in the reaction chambcr.
The precursor [Cu(hfac)tmvs], Cuprasclectrxf of Schumachcr is delivered through a bubbler using hydrogen as carrier gas. Water vapour is uscd as reactant and is delivered in the reaction chamber through an independant line. The two lines are heated to avoid any condensation. The Cilms are deposited on a 60 nm sputtcrcd Titanium Nitride layer on 4" silicon substrates. Early deposition experiments on "old" wafers without cleaning have shown a very poor nucleation. Consequently, before deposition, the waI'ers are chemically cleaned in an NH40H / Hz02 solution, in order to remove the surface contamination.
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Surface resistance of the copper films is measured with a four probe technique and the layer thickness is measured on a step chemically etched. 
) THROTTLE VALVE
Thc amount of injected water has a drastic inllucncc on the layer resistivity : too much water leads to oxidized films, and without water to a poor nucleation. That is why we take as parameters the water ilow and also the duration of water injection : it is delivered at the beginning or deposition (to improve nucleation) and then stoppcd (to avoid oxidc formation).
The CVD deposition parameters for experiments arc listed in Tablc 1. The temperature of the copper prccursor bubbler is I'ixed at 40°C. the prccursor line at 50°C and the reaction chambcr walls at 60°C.
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MODELING EXPERIMENTAL DESIGN
Presentation
A modeling experimental design is used to study the inlluence of the parameters listed above. In that way, wc don't vary each parametcr one aCter the other, but we arc looking for experimental laws between the responses (resistivity and thickness) and the deposition parameters. So, the goal is to find out the "B coefficents" of a second degree law such as :
where Y is one response and Xi the parameters.
We have used "Echip" [I31 softwat.~, wich defines the best way to perform the experiments in our experimental field (minimum number of experiments for the best accurancy and fitting between the expc~imental results and the calculated laws); it is based on Hadamard matrix [14, 15] .
As seven parameters would have r-equircd too many experiments, we have kept the reaction pressure (Pr) constant and egal to 0.5 Torr : this valuc has given the hest results in terms of resistivity and deposition ratc in our preliminary experiments, in agreement with the main literature results [16, 17] . Considering the six remaining pwarnctcrs, the software has requircd a set of 33 experimenls to find octt thc twenty eight B coefGcicn& for cach response.
. 2 R e s u l t s
After getting the two general laws for resistivity and for thickness, we have studied the parameters giving the optimum value for rcsistivity. I'hcy arc listed in table 2. The corresponding values for resistivity and thickness are respcctively 2.7 pQ.cm and 435 nm.
The resistivity value used in the modeling cxpcrimcntal design is taken from "as deposited" films; subsequent annealing lead to improvcd values, as dcscrihcd in 8 4.
T o understand the inlluence or the various parameters, we have studled the laws varlatlons around this optimum point for resistivity. The following discussion is valid only around this point.
Results are summanzed in figures 2 to 9, showing the dependences of thickness and resistivity with cach deposition parameter, keeping all other parameters constant at the values giving the optimum resistivity. We have usually considered the average deposition rate (thickness divided by the overall deposition time) instcad of thickness, because it is physically more relevant. 
Wafer temperature :
We observe on figure 2 that increasing temperature above 170 "C do not improve neither the deposition rate nor the resistivity; on the contrary, parasite reactions or homogeneous reactions occur and lead to some decrease in the deposition rate. The high values for resistivity at low temperature are explained by a reduced thickness (these layers have thicknesses around 50-100 nrn) and by the poor coalescence mechanism, due to the fact that each grain boudarie acts as an electrical resistance. For a given water flow of 2.4 sccm, figure 4 shows that the resistivity increases continuously with the water injection time. Figure 5 shows the dependence of thickness versus deposition time, for several water injection times. We clearly see that :
-the deposition rate with water is constant, (28 nrnlmn) in these conditions.
-the deposition rate without water is depending on the water injection time.
This last point is explained as follows: it is likely that water plays a role during the nucleation stage through increasing nuclei density and hence the resistivity and the deposition rate. .\
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Water flow
Increasing the water flow from 1.2 to 2.8 sccm (cf figure 6) . at a given water time of 2 min, increases a lot the deposition rate which then decreases when the water flow becomes higher than 3.6 sccm. Resistivity decreases slightly but continuously when water flow increases.
Theses effects are due to the improved nucleation process with water injection, as explained above. With a certain amount of water (through time or flow), the maximum density of nuclei is achieved and more water does not improve the depositon rate.
Carrier flow :
We observe on figure 7 a very low influence of the carrier gas on both resistivity and deposition rate. This is because changing the carrier gas flow does not change the partial pressures in the reaction chamber but only the exposure time, which has a very low impact. This parameter is adjusted using the manual needle valve ((1) on Figure 1 ). As the precursor vapor pressure is fixed by the bubbler temperature (0.35 Torr at 40°C), changing the bubbler pressure changes the ratio P H~ / Pprecursor inside the bubbler and consequently the precursor partial pressure in the reaction chamber.
We can see in figure 8 that, according to the diffusion regime, bubbler pressure affects directly the deposition rate. The resistivity is very slightly affected, due to a better nucleation density when the precursor partial pressure is higher. We assume that a higher precursor partial pressure leads to higher nuclei density and a better resistivity due to the fact that more contact points exists between the copper grains.
ANNEAL INFLUENCE
Some annealing treatments have been performed after deposition in order to reduce the layers resistivity. The applied conditions were 450°C during 30 minutes. This annealling has an influence on the layers microstructure but not on their composition. We can see on figure 9-a/ a micrograph of the layer obtained in the optimum conditons reported in the figure caption. The resistivity decreases to 1.9 pQ.cm after anneal and figure 9-b/ shows its new morphology. Figure 10 shows an XPS spectrum on that layer, which is identical before and after anneal ; in both cases it is piirc coppcr. Step coverage on hole of a copper film obtained in conditions listed above. 0,4pm x 1,lpm.
DEPOSITION ON TOPOLOGIES
Depositions have been done on structures with holes of 0.4 pm diarncter and 1,l pm depth. The substrate was composed of 40 nm sputtered titanium deposited on 60 nm sputtered TiN on silicon. Figure 11 shows a very conformal deposition with a step coverage value around 90 %. This result is obtalned at a reaction pressure of 0.5 Torr and wafer temperature of 160 O C .
CONCLUSION
High purity copper layers have hcen ohtained on titanium nitride substrates. The scotch test shows an cxccllent adhesion. The resistivity and step coverage are very good and allow to use this material in the futur mic~~oclecrronic technologies. The qulte low deposition rate (around 15 nmlrnin) is due to the design of both reaction chamber and bubbler, which were not appropriated for that application. The study clearly shows the interest to use water only at the beginning of the process ; 2 minutes at 2.4 sccm are sufficient to induce a good nucleation without any oxidation of the film, and then a high quality layer g~.owth.
